Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



' EHOtH.ua^ A 753,447 



iiffltmiiiSKWSm 
CUMl'OUN 1) SCREW M U LN E, 



iiN iSl) AlUAMA 



I t-sniM:-. AM' U,l. nil. V 



L 



— 4 



PRESENTED TO 



TUB LIBE.A.I 

rxni-KSiTY'di- .viici 



, Cngln. Librair 

//I 
B9S' 



SPECIFICATIONS 

p 

A THReE-CYUNDEB, HORIZnNIAI,, BiCK-ACTlNC 

COMPOUND SCREW ENGINE, 

FOR X&CH OF TBB 

U. S. STEAMERS BOSTON AND ATLANTA; 

INCLUDING 



B0ILBB8, AIR AND CIRCULATING-PUMPS. BLOWERS AND 
EHOINES, AND ALL THE APPENDAGES AND APPUR- 
TENANCES COMPLETE, TOGETHER WITH A 
LIST OF THE DUPLICATE PIECES, AND 
OIL-TANKS BE FURNISHED. 
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SPECIFICATION 
THREE-CYLINDER, HORIZONTAL, BACK-ACTING 

COMPOUND SCREW ENGINE 

OF 3,«)0 nrSICATES HORSE-POWES. 



GENERAL DESCRIPTION. 

The engine is fo bave one liipb-pressiire cylinder of 54 
iucliea dinmeter and two low- pressure cylinders of 74 inches 
diameter, and each to have a piston stroke of forty-two 
inches; the cylinders will be placed on the starboard side 
of the ship, with their axes parallel to each other, and 9 feet 
6 inches apart. Kach cylinder will be steam-Jacketed and 
provided with two main valves and two expansion valves, 
the latter adjustAble while the engine is in motion, to cut 
ott' between the limits of one-eighth and five eighths of the 
stroke of the piston. 

The main slide valves are to be worked by means of eccen- 
trics and Stephenson links acting throngh arms and rock- 
6hatt«. The expansion valves are to be operated by means 
of separate eccentrics; the high pressure exhaust will con- 
nect with the low-pressure cylinders, so as trt pass the steam 
direct to the steam -chests; it will also be arranged to dis- 
charge into the condensers, and the low-pressure steam- 
chests will be fitted with the requisite pipes for admitting 
the steam direct from the boilers or for exhausting the steam 
direct into the atmosphere. The high-pressure piston is to 
have one piston-rod secured to a cross-tail, which is to be 
coupled by four side rods and two other side-rotls to the 
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cro8H-head. The low-i)reg8ure pistons are to have two rods 
coupled directly to the cross-beads; the tatter are to be 
mounted on sleds wliich are to ran in trouKlis recessed in 
the puuip-chests. The connecting rods will be made with 
caps secured hy steel bolts. 

The crank-shaft is to be made in three separate inter- 
changeable sections, and secured to each other and the 
line-shafting by couplings forged on shafte; the cranks for 
low-pressure cylinders to be placed at an angle of 90° to 
each other, and that for the high-presaure cylinder to be 
set intermediate between the others, at angles of 135° with 
them. 

Each section of crank-shaft is to be mounled on two 
jourDals. The crankshaft pillow-blocks are to be trussed 
from the cylinders by stay -rods secured in brackets pro- 
jecting from them. 

There are to be two air and two circulating pumps, one of 
each coupled together, and placed directly opposite the low- 
pressure cylinders ; the pump-chests will contaiu the valve- 
chambers and channel-ways, and form supports for the con- 
densers. The pumps are to be horizoutal, double-acting 
and an-anged to work independently, or in connection witi 
the n)ain engine. Each couple when working independ- 
ently will be operated through arms and a rock-shaft by a 
horizontal direct-acting engine placed opposite the high- 
pressure cylinder. 

There are to be two condensers placed above the air and 
circulating pumps; each will have a cooling surface of4,0U0 
squaie feet. 

The reversing- cylinder will be placed between the high 
and after low-pressure cylinders and will act uiH>n a rock- 
shaft which will connect with the several links. 

The jilatfbrm with the requisite gear for working the en- 
gine will be placed between the condensers above the cross- 
head of high-pressure cylinder; there will be suitable and 
convenient approaches to it from the deck, quarters, and 
lower plattbrm leading to the fire-room and shaft-alley. 

There are to be eight boilers, divided into two groni)s, 
with lire-rooms fore and aft between theni, and two snioke- 
liipes. The boilers will be 11 feet S inches in external di- 



aineter aod 9 feut 9 inches long, and will contaiu au aggre- 
gate of sixteen furnaces, 400 square feet of grate, Rodl0,0G4 
square feet of heating- surface. They are to work under 
a pressure of 90 pounds per square inch. 

Tliere are to be three compartment pumps, two in the 
engine-room and one in the forward fire- room, each capable 
of discharging 1,000 gallons |>er minute ; two boiler feed- 
pumps with water-pistons 7 inches in diameter and 12 inches 
stroke, oue in each fire-room ; also one other pump, for the 
distiller. 

There will be four blowers, two in each flre-room, and each 
cajiable of supplying 12,000 cubic feet of air per minute 
under a wat«r pressure of 1 ineb. 

The propeller will be of steel, with adjustable blades ; 
its diameter will be 17 feet, and ita mean pitch 20 feet, or of 
such design as may be approved by the Naval Advisory 
Board. 



DETAILED DESCRIPTION OF ENGINES. SHAFTING, SCREW- 
PROPELLER, BOILERS, PUMPS, ETC. 

CTLINDEB-CASINGS. 

The cyllDder-casings, which will include the steam and 
exhaust-portti aud passages, inboard heads, bosses and 
brackets for stay-rods, sole-plates and flanges for cylinder 
covers and valve- chests, etc., are to be of cast-iron. The 
casing for high-pressure cylinder is to be 60 inches in diam- 
eter inside, and 1§ inch thick: those for the low-pressure 
cylinders are to be 80 inches in inside diameter, and 1^ inch 
thick. They will each be fitted with linings which will in- 
close an annular space of 1^ inch and a stuffing-box at the 
outboard ends 8 inches in depth. 

CYLINDEE-LININGS. 

The linings are to be of the best iron, cast as hard as can 
be worked 'by tools; they will be IJ inch thick, and made 
with flanges 1^ inch wide, which are to be turned and 
faced, and accurately fitted into the casings as shown in the 
drawings. They will be smoothly bored to their respective 
diameters of 54 and 74 inches. 

CYLINDER-HEADS. 

The cylinder-heads are to be made with double shells 1 
inch thick, and amply stiftened by ribs 1 inch thick. They 
will have suitable openings cored in, and accurately bored 
and faced to receive the piston-rod stufiing-boxes ; man- 
holes will also be cored in, bored and faced to receive the 
man -hole plates. 

CYLINDER-COVERS. 

The covers are to be made of the very best ca^t-iron, 
with double shells 1 incli thick and well stiffened by ribs 1 
inch thick, and to have faced flanges 5 inches wide and 2 
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iiiuhea thick. Opeiiiugs for inao-lioles to be cored iu, lioretl 
and faced for the man-hole plates. The covere are to be 
liiiUhed OQ the outside; tbey will be secured in place aud 
to danges 2^ inches thick by wrouf^bt-iron bolts IJ inch iu 
diameter with finifhed nuts; bolts to be spaced not over 6 
inches apart. 

MAN-HOLES AND PLATES. 

The manholes are to be 15 iocbes iu diameter and closed 
with doable shell plates finished on the outside; tbey ai-e 
to hare faced flanges 3 inches wide and 1| inch thick, se- 
cured in place with wronght-iron bolts 1^ inch in diameter, 
spaced not over 6 inches apart. 

STEAM AND EXH At" ST -PORTS. 

Tbe steam and exhaust-ports tor bigb and low-pressure 
cylinders are to be double and in two divisionK ; those for 
the high-pressure cylinder are to be 2^ inches wide and :!4 
inches long, or of a combined area through o|>eiuugs of 216 
square inches; those for tbe low-pressure cylinders are to be 
2 inches wide and 33J incben long, or of a combined area of 
268 square inches. Each cylinder is to be proviiled with 
iwrts for starting- valves, which are to be not less than 9 
inches in area. 

BELIEF VALVES. 

Tbe cylinders are to bave a port at each end at the bot- 
tom, not less than 15 inches iu area, for relief-valves. 

BRACKETS FOE STAY-BODS. 

The brackets tor stay-rods will project from the heads of 
cylinders; tbey will be formed by two bosses 14 inches iu 
diameter, and a central web 2 inches thick, and flanges 12 
iuchcM wide and 2 inches thick bounding tbe same, and ex- 
tending 29 inches above aud below the center lines of tbe 
cylinders, and will terminate in the pillow-blocks for valve 
rock-shafts and re versing- shafts. The brackets will have 
pockets for the stay-nxi nuts, which will be 7 inches deep. 
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SOLE-PLATES. 

The cylinders will rest upon legs cast on them, with sole- 
plates faced 21 inches wide and 2J inches thick, well ribbed 
to the webs of the legs, which are to be 1 J inch thick ; the 
holes for the holding-down bolts to have facings J inch 
thick. The distance from center of cylinders to face of sole- 
plates to be 3 feet 10 inches. 

VALVE-SEATS. 

The valve-seats are to be made of cast iron of the best 
quality and as hard as can be worked ; they are to be IJ 
inch thick and secured in place with composition counter- 
sunk screws § inch in diameter. 

VALVE-CHESTS. 

The valve-chests are to be cast with walls 1 inch thick 
and flanges faced 2 inches thick and 4^ inches wide, all to 
be well ribbed. Each chest will have two covers and a 
central web and flanges for sustaining them. The chests 
will be secured in place by bolts ij inch in diameter, 
spaced not over 5J inches apart. The chest for the high- 
pressure cylinder will be made with an opening 16 inches 
in diameter, in the outboard end, with faced flanges 3 inches 
wide for the throttle and stop- valves. The chests will have 
openings through the inboard ends with faced flanges 3 
inches wide for the valve-stem stuffing-boxes. 

VALVE-CHEST COVERS. 

Each valve-chest will have two covers, made of the best 
iron, cast with double shells 1 inch thick; well ribbed and 
finished on the outside, except in the panels. The flanges 
are to be If inch thick and 4| inches wide. The covers will 
be secured in place by bolts If inch in diameter, spaced not 
over 6 inches apart. 

MAIN SLIDE-VALVES, 

There are to be two main slide-valves for each cyhnder, 
each to be double-ported; those for the high-pressure cylin- 
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iler to have steam-ports 2 inches wide aud exhaust-ports 
2J iuches wide, all 21 inches \oag; the valves to have a 
throw of 2J inches. The valves lor the low-pressure cylin- 
der are to have steam-ports 1^ inch wide and exhaust-ports 
3 inches wide, all 33J inches long, and to have a thmw of 
3 inche-H. The valves are to be of the beat cast iron, the 
walls to be 3 inch thick, tlie lower faces IJ inch thick, and 
the upi)er faces IJ inch thick. 

CUT-OFF VALVES. 

The cut-off valves are to work on the backs of the main 
slide valves; they ate to be of cast iron | inch thick, well 
ribbed, and fitted with pockets for the valve-stem nuts; 
they will have a throw of 3 inches. 

VALVE-STEMS. 

The valve 8t«nis are to l>e of steel, those for the main 
valves tu be 2f iuches in diameter; the cnt-off stems to be 
2J inches in diamet«>r. They will be secured with compo- 
sition nuts accurately flttwl in the pockets of the valves^ 
and by finished wrought-iron nutJi to the cross-heads re- 
ferred to below; they are to l>e 30 j iuches between centers 
for liigh-pres.snre valves, and 40 inches between centers 
for low-pressure valves. 

VALVE-STEM STUFFING- BOXES. 

The stnffliig-boxes are to be of composition, each with 
an annular pitcking-s|)ace of | inch and 11 inches deep; 
they are to be fitted with screw-tblloivers, and packing of an 
approved kind, adjustable by worm-screws with handles, 
accessible while the engine is in motion. 

MAIN-PISTOHS. 

Each cylinder is to be fitted with a composition piston, 
the shell and ribs of which are to be ^ inch thick, the rims 
tu be g inch thick, and the metal around the eyes to be 2^ 
inches thick for the high-pressure and 2 iuches for the low- 
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pressure rods. The pistons are to be fitted with uast-iiOD 
double packing- rings, 6 incties wide and ^ inch thick, and 
an inner ring 12 inches wide and | inch thick, all a<yiisted 
b.v steel springs of the proper tension. One-third of the 
circumfei'enve of each piston ac the bottom will be titted 
with a chock for taking its weight. The followers are to 
be of coniposiliou If inch thick, and secured in place with 
wronght-iron bolts IJ inch in diameter, placed not over 14 
inches aikart. 

PISTON-RODS. 

The high presHHie [liHron-iod is to be of steel, finished 8 
inches in diameter, aud is to be made with a collar 12 inches 
in diameter by 2 inches thick, which is to be recessed into 
the itiston ; it will lie secured to piston by a closed compo- ' 
silion eollar-niit rec+'used 2 inches, and to cn»S8tail by 
comjiositiou collar recessed lints, which are to be confined 
by retainiiig-Burews of steel. The low-pressure piston-rods 
■are to he of sleel of the best quality, finished all over; they 
are to be 6^ inches in diameter and secured in pistons by 
composition nuts, and to the cross-heads by collars on the 
rods, and by comi>ositiou nnts htted iu the same manner as 
those fur the high pressure side-rods; the lower piston-rods 
will be fitted with lugs for the air and circulating-pump 
connections; they are to be 43^ inches between ceutei's 
borizoutally, and ^7 iiich&s between centers vertically. 

PISTON-ROD STUFFING-BOXES. 

The piston-rod stutfing boxes aie to be of composition, 
ench fitted with gland, screw-follower, and fl<yu8iing worm- 
screw ; they will hsTe an annular packing-space of 1 inch, 
and 12 inches derp for high-pressure cylinder, and 10 inches 
deep for low-preesare cylinders. They will have danges 
taced 3 inches wide and 1 inch thick, and each secureil by 
not less than six bolts I inch in diameter, and will be titted 
with v>acking of an approved kind. 

SIDE-BODS. 

For the high-pressui-e piston-rods there are to be four 

side-rods, which will conneut the cross-tailand two other 
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sideTOtls with the croaH-hesdtt ; all t« be secured by com- 
position collar-nuts and retaining set-screwa of steel. The 
two lower side-rods are to be fitted with composition jjiba 
which will slide on facings projecting from the crank shaft 
pillow- blocks. 

CBOSS-HEAOS AND CR088-TAIL. 

The cros^-heada are to be of wronght iron of the beat 
qnality, finished all over ; they are to have journals 10 
inches in diameter and 14 inches in length, with collarf at 
each side 14 inches in diameter, and octagonal arms extend- 
ing to liosses 10 inches in diameter and 10 inches long, 
which are to be bored and counterbored for the piston and 
side-rods and nut«. The cioss-tail is to be of wivrnght iron 
finished all over; it will have a central boss 17 inches in 
diameter, (torn which will spring four arms, terminating in 
l>of>ses 8^ inches in diameter and 10 inches long, which are 
to be bored and counterbored for side-rodn and nuts. The 
eye through the central boss, which is to be 13 inches deep, 
is to be bored and counterbored for the piston rod and nuts. 
Each cross-head is to be mounted on a sled fitted with a 
composition slipper 21 inches wide by 33 inches long; the 
sleds to be made of cast-iron, each with two brackets, on 
which the vrous-heml rests, and secured to it by two 
wrought-iron bolts 2 inches in diameter iu each bracket. 

BACKING-SLIDES. 

The baeking-slides are to be of composition, 13 inches 
wide, with a wearing surface of 5 inches ; they are to be 
secured each by five holts IJ inch in diameter. 

CONKKCTrNG-HODS. 

The connecting-rods are to be of the best wrought iron, 
finished all over; the heads of crank-pins to be 16 inches 
wide, and those for cross-heads to be 10 inches wide. Each 
cap is to be secured by two malleable-steel bolts 5^ inches 
in diameter, tltted with steel collar-nuts recessed into the 
caps and secured by steel retaining-screws. The brasses 
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are to be 2j inches thick, bored and scniped to fit the joiir- 
nals of cross-beads and cruiik-piiis, and fltt«d with adpiRt- 
able liDurs. 

CKANK-SHAPT. 

The crank-shaft is to be made in three sections, each 
intercliangeable with the others; they are to be of steel. 
Each section is to be forged solid with oval erank-webs 8 
inches in thickness, aud the greatest width 27 incheH. The 
tuaiii journals are to be 16 inches in diameter aud 27 in<;hes 
long; the crauk-piu jourimU to be 15 inches in diameter 
and 20 inches loug; the shoiddem of main journals to be 
lOJ inches in diameter. Each shaft will have a ooupliug 
29 inches in diameter and 6 inches' thick, forged on each 
end; the three st'ctions will be secured together each by 
four steel key-bolts 2 inches thick by 2^ inches wide, and 
a Rtt'el cross-key 2 iuches thick and 4 inches wide between 
the couplings. 

C'RANK-SIIAPT DSASSKS. 

The erank-i4haft brasses are to be in two paits for each 
Jounial, divided in a vertical plane; they are to be cast hol- 
low ami fitted for the circulation of water through them, 
aud provided with the necessary pipes and valves. The 
metal around the bearing-faces to be I^ inch thick, the 
shells aud ribs 3 inch thick. The brasses are to have faced 
flanges 1^ inch thick, which terminate in collars 19^ 
iuches in diameter to match the shoulders of the journals; 
the brasses are to rest upon and be retained by wrought- 
iron key-cliocks referred to below. They are to be bored in 
place and scraped to fit the journals. 

CRANK-SHAFT PILLOW-BLOCKS. 

The pillow-blocks for each crankshaft journal are to be 
made with a ca«t-iron pedestal, and two wrought-iron caps 
and wrought-iron and composition key-chocks above and 
below the brasses, and so arranged that, with the stay- 
rods, the brasses may be accurately actjusted in the re- 



qairetl direction, or readily removed. The pedestals will 
each hare a sole-plate faced 2^ iucbes thick aud 21 iuclies 
wide, well rilibed to central web, which is to be 2 inches 
thick ntid bounded hy a flange 2 inches thick aud 17 inches 
wide. Each pedestal will be made with an eye for the 
lower stiiy-rod, which will be covered by a wrooghtiron 
)>late facetl 17 inches wide, 2i inches long, and 3^ inches 
thick, and seenred in place to clamp the stay-rod by four 
wronghtiron tap bolts 3 inches in diameter, with composi- 
tion nuts. The caps are to be faced 17 inches wide and 6 
inches thick; each formed with two higs 3j inches wide, 
extending across the cap and projecting 2^ inches; they 
will lock with the pedestal and a crown block which is 
made to clamp the upper stay-rod in the same manner m 
that for the lower one; the distance from center to center 
of stay-rods will be 36 inches, the length of caps 50 inches. 

ECCENTttlCP. 

The eccentrics am to be made of cast st«el in two parts, 
aud each finished to a diameter of 43^ inches aud a face of 
5^ inehes. and will have a throw of 3 inches; they will be 
rabbeted 2^ inches wide aud 1^ inch deep on each side at 
circumference, for the flanges of straps. They will be 
clamped on the couplings of the crank-shatt, each by two 
malleable steel bolts 2| inches in diameter, and also se- 
cured in place by the coupliug key-bolts already refeired to. 

ECCBNTBICSTRAPS. 

The straps are to be of composition in two parts, tinishe<l 
all over; they will be 2^ inches thick, and made with 
flanges to match the nibbets of the eccentrics, and with lugs 
for the link-bars and the clampiug<l>olts; they will be se- 
cured together by two malleable-steel tiip-bolts 2^ inches 
in diameter with finished heiids, 

ECCENTRIC-BABS. 

The eccentric-bars are to 1h- of the best wronghtiron. re- 
cessed into and fixed to the lugs of straps by three wrought- 
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iroD tap-bolte witli finished beads; Bection of luetal at lug 
of Btrnp to be 4^ inches by 2^ inches ; the bars are to be 
forked and coupled to tbe links by straps, gibs, keys, auA 
brasses of the proper proportions', the length from cent'er 
of eccentric to cent«r of link to be 54 inches. 



The links are to be of wrought-iron, made \Fith two bars 
3 inches thick »nd inches wide, secnred together with 
IJ-inch stnd-bolts at each end, with thimbles '2^ inches in 
diameter. The pins for the eccentric-bars are to be forged 
on and finished to 3^ inches iti diameter and 2f inches long, 
and will be 23 inches between centers. 

LINK-BLOCKS. 

Each link-block will be of wroaghtiroii, with pin forged 
in and finished to a diameter of 3^ inches and a lengtli of 
3 inches; the jaws will have lips 10 inches long, projecting 
2 inches; they will inclose adjustable composition gibs ]2 
inches long ; each block will have a movement of 23 inches. 

SU8PENDING-GODS FOH ^VTAIK -LINKS. 

The suspending-rods are to be of wronght-iron, and 
forked to connect with both sides of tbe links; they will 
couple with tbe links by means of composition rings fitting 
concentric grooves in the bosses of the rods and links, and 
be adjusted to links each by a wrought-iron bolt li inch in 
diameter with washer and nnt; the rods will be connected 
to rock-sliaft arms in the same manner as to the links. 

yiBRATING-BEAM. 

A vibrating- beam will couple the link-block with the rock 
shaft arm-pin and a radius-bar; it is to be formed of two 
straps of wrought-iron and two sets of well-proiM)rtiom?d 
gibs, keys, and brasses ; the straps to be 3 indies wide and 
Uf inches thick ; the beams for working the valves to be 
14J inches between centers of block and ann-piu and 34J 
inches between extreme centers of pins. 



BADIUB-BABS. 

The radius- bars are to be made of wrought- iron 5g inches 
between centers for high-pressure c.vliuder and TJ inches 
between centers for low-pressure eyliudera. They will be 
2 inches thick, 4 inches wide at pin, and 6 inches wide at 
journal ; the pins are to be 2^ iuehes in diameter and 3 
incbus long; the journals to be 3 inches in diameter and T 
inches long. The bearings are to be fitted with brasses 
adjustable t« the journals. 

BOCK- SHAFTS AND ARUS. 

The rock-shatts for main valves are to be of steel, 8^ 
inches in diameter and 8 feet 8 inches long ; they will be 
fitted with wrought-iron arms for conuecting with links atid 
valve-stems; the link and valve-arms for high-pressure 
valves are to be respectively 14^ and 12 inches between 
centers ; the pins on link-arms to be 4j iTicties in diameter 
and 3 inches long ; the pins ou valve-arms to be 3i inches 
in diameter and 3 inches long ; the section of metnl in arms 
to be of ample jiroportionf. The n)ck-shafts for cat off 
valves are to be of wrought-iron, matie hollow, iu halves, 
with the arms forged on one of the halves; they are to be 12 
inches in oatside diameter and 1^ inch thick; they will 
be fitted with composition bushings and bolt«<l together 
on the main rock-shaft; the pins on ai'ms for connecting 
with the valve-stems to be 2| inches in diameter, 2i inches 
long, and 19 inches from center of shaft for bigb-pressure 
valves and 24^ inches from center of shaf^ for low-pressure 
valves. Each shaft will connect with the eccentric-bar by 
means of two arms forged on a wrought-iron Rleeve, which 
is fitted with a com|>osit)on bushing to work on the main 
rock-sbait; the sleeve to be 12 inches in outeide diameter 
and IJ inch thick. The main arm of sleeve to have a pin 
4iDcheBindianieter and 3 inches long; the pin for thehigh- 
l)re«9ure (alve to be 23 inches and those for the low to be 
24j inches from center of sleeves. 
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tKHitioii; the piston-rod will connect with the rock-»haft 
arm by means of a liok. The cylinder will liave steum and 
exbaust- ports of 2 inches area, and fitted with a slide-valre 
which will be operated by a tioating-lever connected to a 
handle on the engine gallery ; the exhaust to connect with 
the main coiidenser. 

AIR AND CIECULATING-PUMP CHESTS. 

The air and circulating-pamp chests are to be made of 
cast iron. Each chest will be a separate casting and will 
comprise the pump-barrel and valve-chiimbers, and the sup- 
ports for the condensers, which will include the chanuel- 
ways to and from the condensers ; the circulatiug-pump 
chests will also include the troughs and guides for the low- 
pressure cross-head sleds ; the chests for each couple will 
be firmly bolted together and to the condenser. Each 
pntDp-foarrel will be fitted with a brass lining bored 18 
incbeu in diameter and 42 inches long. 

VALVE-SEATS AND GUARDS. 

The valve- seats and guards are to be of composition, and 
secnred iu place by composition bolts ; the openings through 
the gratings of each seat to be not less than 125 inches iu 
area for each air-pump and not less than 15U inches in area 
for each circulatiug-pump ; the valves are to be of vulcau- 
ized carbolized rubber | inch thick. 

RBFLUX-TAI.VB8. 

Each circulating- puu>|> will have a conipositioD disc I'ollux- 
valve 9 inches in diameter, placed in the di\'i8ion wall of 
the valve-chambers and operated by a hand-wheel oute^ide 
the chest. 

PUMP- PISTONS. 

The pump-pistons are to be of com|>ositiou, each packed 
with lignumvita; and hemp, the latter adjustable by a fol- 
lower secured by composition holts. 
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PUMP-RODS. 

The pump-rods are to be of wrought iron, covered with 
brass not less than -^^ inch thick ; they are to be secured 
to pistons by composition closed nuts. 

BED-PLATK FOR AIR AND CIKCULATING-PUMP ENGINES. 

The bed-plate for the independent auxiliary engines for the 
air and circulating-pumps will be made of cast iron in two 
parts, and will include supports for the condensers and the 
trough and guides for the high-})ressure cross-head sled ; 
the two parts will be firmly secured together and to the 
condensers. 

ENGINES FOR AIR AND CIRCULATING-PUMPS AND CON- 
NECTIONS. 

The air and circulating-pnmps, one of each, will be 
worked in couples by a single auxiliary engine directly con- 
nected with an arm on a rock-shaft from which the pumps 
receive their motion. Each engine will have a suitable 
valve-gear operated from the main arm of rock-shaft. The 
cylinders of engines will be of cast iron, bored : inches in 
diameter, and fitted for a stroke of 30 j inches; the pistons 
will be of composition, the packing-rings of cast iron; the 
piston-rods will be made of wrought iron, 3 inches in cliam 
eter, and each will connect by two wrought- iron links with 
the main arm of rock-shaft. The liijks will be 3 feet 8 in- 
ches long between centers ; they will be coupled to the arm 
and piston rod head by two conical compcsition rings tit- 
ting two concentric grooves in each side of base of aim anil 
piston-rod head and be adjusted by bolts 1^ inch in diame- 
4;er, with countersunk nuts and steel retaining-screws. The 
piston-ro<l will extend beyond the head and run in guides 
fixed to the side of the pillow-block pedestals. 

PUMP-CONNECTIONS. 

The pumps will be connected with their respective rock- 
shaft arms by links fitted in the same manner as above 

3 n At a 
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described for their engines. The arms for the ])uinps will 
also be fitted with corresponding links, which, when the 
pumps are required to be worked by the main engine, will 
be connected to lugs on the low pressure piston-rods. The 
arms are to be of wrought iron; that for the circulating 
pump will have a hub 14 inches in diameter and 12 inches 
long for coupling the shaft together; that for the air- 
pump, 13 inches in diameter and to have a hub 7 inches 
long; and that for the steam cylinder, 14 inches in diame- 
ter and in<!hes long ; they are to be bored to accurately 
lit the rock-shaft^S upon which they will be keyed fast. 
The arms for air and circulatingpum])s will be 35 inches 
long between the centers of hubs and bosses for lower links, 
and 45i inches long between centers of hubs and bosses for 
upper links; the arms for auxiliary engine will be 33 inches 
long between centers. 

ROCK-SHAFTS. 

The rock-shafts for each coujde of pumps are to be made of 
steel and in two sections ; the leading section to be S inches 
in diameter, the other to br 7 inches in diameter; they 
will have journals S inchrs in diameter and not h'ss than 
V2 inches long, and will work in comiK)sition bearings, 
resting on pillow-blocks built in the main engine-keelsons 
near the inner skin of the ship; the brasses will be held 
in place by wrought-iron ca[>s, secured each by four bolts 2^ 
inches in diameter, with coni])Osition countersunk nuts ami 
steel retainingscrews. 

STUFFING-BOXES FOR Fl'MPS AND AVXILTARV KN(ilNES. 

The stuffing- boxes are to be of composition, each fitted 
with a gland and screw follower and adjusting worm-serews. 
The boxes will have an annular iiacking-space of .^ inch 
and 10 inches deep; they will have faced flanges 3 inches 
wide and 1 inch thick, secured to the bonnets ot pumps and 
covers of auxiliary steam ey Under by not less than five bolts 
I inch in diameter. 



CONDENSEE-CHESTS. 

The CO II de user chests are to be of cast iron, well ribbed 
thronghout. The Inxly of the cheats aud thtekneKS of ribs 
will be 1 inch, the siipiiortinp flanges to be J inches thi<;k. 
The flanges for tubenheets and bonnein, exhauo}: and de- 
livery-pipes to be Ig inch thick. The exhaust nozzle will be 
1!) inches in diameter, and will have faced Hantces 3 inches 
wide. The discharge-nozzle will be 10 by Ifi inches, with 
faced flanges 3 inches wide. 



Each chest will contain 4,l^U0 drawn-brass ttihes, i inch 
in ontside diamet*^r, of So. 18 wire-gauge thickness, and 81 
inches long. The exposed condensing length to be 78 inches, 
and coolinjr surfa<.-e 4,000 square fee; . The tulwjs for each 
condeuser will be placed athwartships, aud arnuiged iu 
three divisions, so that the cuudensiiig water will pass to 
the oiitlmanl delivery-valve through the tubes of each di- 
vision ; all the tubes to be thoroughly tiuue<l inside aud 
out. The tube-plates are to be of iron 1.^ inch thick, Imred 
for the tube.s aud couuterbored % inch in diameter and 1 
iiiCh deep for wooden or pajK^r grommets, as may be ap- 
proved; the tulxis to be placed 1 inch between uenterH ; the 
tnbe-plates lo be secured to faced ftauges 2i inches wide, 
by comjiosition bolts 1 inch in diameter placetl not over (i 
inches apart. Each division of tubes will be sustained by 
a brass supi>ortingptate jj inch thick, placed e(|uidistant 
l>etweeu the tube-plates. Tlie water chambers are to 1m? 
closed with bonnets, having faced flanges ■'! inches wide, 
and recesseil )>an^ls; eiu^h liounet »> have a hand-hole Id 
by 10 inches, chiseil by <i cover with faired lliinges .1 inches 
wide, 

EXHAIST-PU'ES. 

The exbai]st-]iipes are to be of cop|>er, 10 inches in di- 
ameter, and Htted with coiii|K)sitioii faced flanges riveted 
and l)razed on, and not less than -I iut^hes wide. 



OUTnOARD-DEUVERV VAL^-EK. 

The two onrtwanl-delivery valves are to be on tlie jjort 
side of tlie »liip, between Iraiiies 43 and H, and 'A) and 51. 
The valve cbanibers will l>e of cast iron, and tbe seats, 
ttteitio, 8tnffing-)K)\eR, valves, etc., nf composition, tlie lat- 
ter to have nibber fiices 14 inebefl in diameter and fitted to 
o|»erate as obecks. The cltambers are to be fitted with 
nozzles 4 inches in diameter for the discbar^ from the 
bilge pumps, and are to Ite substantially secnretl over open- 
ings 14 inches in diameter through the side of tbe ship. 
The channels leading tVom the condensers to the outboard- 
deliveries are to be of com]x>sition, with an area of IIMI 
sqnnre inches in each ; they are to be rectangnlar in section 
nntil tbey pans tbe fure and af^bnlkheiuls; from thence cop- 
per pipes II inches in diameter will connect them with 
the vnlvc-chaml>ers. 

1N.IKCT10N-VALVES. 

Tbe two mail) injection -valves will also l>e on the jiort 
side of tbe ship between frames 44 and 4.>, and 4!) and ."ill. 
The valve-chambers are tu be uf cast iron, and the seats, 
Htems, .><tnfti 11 g- boxes, and valves of composition, the latter 
to l>e 14 indies in diameter, faced with gum and fitted with 
screw valve-stems turning indei>endeiilly of the valves. 
There will Ih; a nozzle 4 inches in diameter for fire-pump 
suction on the stand-pipe of chamber below the valve. 
There will be strainers covering the openings through tbe 
ship's side, and perforated with S-incli holes, equivalent to 
twice the an-a of the injection-pipes; the latter will l>e of 
ropper, tboronpbly tinned inside and ont, and 14 inches in 



mi.<{E-iN,rF,rTioNS. 

Bilgs-injections, 10 inches in diameter, will be connected 
with the main injection -pi pes, and furnished with ample 
Htniiners, easily accessible for eleaninir and inspection. 
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SEA- VALVES FOR PUMPS. 

There are to be two receiving and discbarge-valves tor 
auxiliary puuips; one on each side of the ship, opposite the 
blow-valves, and the same distance from the center line of 
the ship. The chests are to be of cast iron, eai:h with three 
branch-nozzles 4 inches in internal diameter and fitted with 
composition valves and seats. The vnlves are to l>e 5 inches 
in diameter, and fitted with brass screw-stems, stuffing-boxes, 
and hand- wheels, and connected to the x)umps by copper 
pipes. The receiving- valve chambers are to have external 
strainers with ^-incli holes equivalent in area to twice that 
of the valves. Ea<*/h pump will also be provided with a 
bilge receiving-valve 5 inches in diameter. 

BOILER SEA VALVES. 

The chests of the two boiler blow- valves are to be of ciist 
iron, each with three branch-nozzles 3^ inches in diameter 
of openings; they are to be fitted with composition valves 
and seats. The valves are to be 5 inches in diameter, and 
fitted with brass screw-stems, stuffing-boxes, and hand- 
wheels. The chests are to be attiiched to the ship in the 
same manner a^ those of the main injection-valves. They 
are to be placed opposite the sea- valves for pumps, between 
frames 'M and 32, and 38 and 39; and 5 feet inches from 
the center line of the vessel. 

FEED-PUMPS. 

if required, two single-acting feed-pumj)s will be worked 
irom a pin upon the forwanl coupling of the forward section 
of the crank-shaft; they will be fitted with safety -feeds, etc., 
complete, for ret'irning the overflow to the filter. 

AUXILIARY PUMPS. 

There are to be two horizontal steam- pumps, pattern to b(» 
approved, having water-i)iston8 7 inches in diameter, with 
a stroke of 12 inches, or of eciuivalent capacity; they are to 
Ihj right .or left, according to position, placed one in Ciich 
tire- room, and fitted for feeding and pumping out the boilers. 
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alsu uti ljilffe-[iuiii|is and for fire a])i>aratiis. Tbere is to Ih.' 
a piiiii]) of tbe same size, fitted es|>eeially for the distillei'. 
Tbeixi are also to be tbfee horizontal steam -pumps of tbe 
same imtteni, bavins; water-pistons 14 incbes iii diameter 
and 14 inches sti'oke, or of efjnivaleiit cupiicity, fitted for 
fire engines aud bil^e-pumps; they are to be ri^bt and left, 
and placetl one on each side in tbe engine-room, and one in 
tbe tbrHsml fire-room. 

A steam-puni]) of snttlcieut cajiaeity is to be su)iplied 
wbieb shall fnrnish a constant bead of water to tbe sea- 
men's watercbisets, bathrooms, and wash-places if rei|uire<l. 

AVXILIARY CONDENSER. 

All the beatei's, pumps, Id ower- engines, steering and 
other small engines are to he an-anged to exhaust into the 
atmosphere, and also into an auxiliary condenser. The 
condenser is to he placed above tbe filter, into which it u ill 
drain, and one of the pumps hist mentioned is to eircubiti- 
water throngb it. 

KEED-WATER FILTER. 

There is to Ih' a filter which will receive the drain from 
main cylinders and jackets, steam-pipe^, tbe discharge Irom 
air-pumjis, safi'ty-teed valves, etc, and from the auxiliary 
contlenser aforesaid. It will have a capacity of not less 
than ^lU gallooH, and will discharge into a separate fresh- 
water hot well, connected by suitable valves to tbe i-eceiv- 
iugside of the feed-pumps, and fittetl with a salt-water 
sup)>ly, so placed that tbe water admitted will i>a8s through 
the filter, and tbe quantity can be seen and measured. 
The hot well.i will be arranged so that tbe deficiency of 
feed-water may be supplied tVoin tbe di.ttilling apparatus. 

LINE-snAl'TI>"(r. 

The line-shafting will la; uuide of steel, finished Hi inelies 
in diameter ami in thnte sections; tbe forward and middle 
sections are to lie 2(i feet T inches long, and will have 
couplings 'lil incbes in diameter and 5 inches thick forged 
on them; Ibey will be secured together with six steel 
bolls Ui inches in diameter, and will be fitteil with a steel 
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to bB tnriivil to a iliituieter of 08 iticlies :ui<) fitcecl 6 iiielies, 
and to have a baiitl 1 iiicl) tliirk bliniiik 011 the circiimfi-r- 
t'lict.' of the hxfil disr. l^acli liiib to have, h band 4 iiKtlies 
wide and 2 iiicbe:^ thick acuiiiately fitted niid ahriiiik on ; the 
. ylidiug chitcb will have a circiibir ((ixtove 5 iucheii wide and 
2<}iiiclies deepfur a collar, wliieli will beconpleil to a forked 
lever fitted with a screw and band-wheel for eii(;agitig and 
disengaging the conpliiig; the sliding disc will bave a 
wroughtiron wonngear on its circnnitference for meshing 
with the worm-screw of a turning engine, which is to l)e 
placed near the coupling. 

The sliding disc will bave holes near the circumference 3j 
inches in diameter and about f> inches apart, fitted with four 
steel pins 6 inches long for jacking the engine. 

The coupling will be keyed to shaft by two steel feathers 
3 by '2 inches and 21 inches long, placed opposite each other. 

FRICTION HAND. 

A Spring-steel band 6 inches wide, and not less than g 
inch thick, will be bowd to tit the circumfei-ence of the 
flsed disc and Htted with a screw, hand-wheel, and con- 
nection for clanii>ing the disc and securing it in any po.sition. 

BlUiEl'UMPfl. 

There ai* to be two bilge {>nm|)s, with a capacity of 10(1 
gallons per minute, plaet<l i[i the shaft alley, and worked 
from a pin on a disc gean^d from the line shafting. Each 
pump is to be fitted with i'eceiving-pi{>es of cast-iron; the 
discharge to be connected to main outboanl-delivery valve- 
chambur, or a special discharge- valve, by copjier pit>es. 

All bdge receiving- pipes to be titled with Macomb strain- 
ers, in easily acret^sible positions. 

LINE-SHArr PILLOW- HLUCK J:!. 

There are to be tliie* pillow blocks of cast-iron, with 
beanug-bras.ses M* inches long ; the blocks to be secured to 
wmught-iron pedestals buitt in the ship, and to the shaft- 
alley bulkhciul. The caps will be ma^le with ample oilcnps 
fitted with tubes for wicks. 
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THEUST-BEABING. 

The block for thrust-bearing is to be of cast-iron, made 
hollow and fitted with pipes and cocks for circulating water 
through it; the cap will be made with a lug 12 inches long 
on each side, which will be recessed 4 inches deep into the 
block; it will also be fitted with oil-cups of ample capacity; 
the cap and block will be bored and fitted with 18 compo- 
sition rings 20^ inches in diameter and 1^ inch thick ; the 
rings to be bored to fit the shaft, and each ring divided in 
halves and secured from turning in the block. The block 
will be secured to a wrought iron pedestal built in the ship, 
and fitted with keys so that it may be accurately adjusted 
in either direction. 

STERN-PIPE. 

The stern pipe will be made of cast ii*ou IJ inch thick 
for the lengths of the bushings, and 1^ inch thick between 
them, and well ribbed on the outride; the outboard end 
will be turned to tit the counterbore in the stern-post, and 
secured to it with two wrought-iron bolts 2J inches in di- 
ameter, passing through the post and lugs on the pipe; 
the inboard end will be made with a flange 5 inches wide 
and 2J inches thick, by which it is to be secured to the after 
bulkhead by bolts IJ inch in diameter. The pipe will be 
bored 22 inches in diameter for a length of 42 inches at 
each end for the bushings. 

BUSHINGS. 

The bushings will be made in halves, of composition | 
inch thick, and with flanges 4 inches wide and l^ inch 
thick; they will be fitted with lignumvita^ staves 1^ inch 
thick, inserted in grooves, and will be secured by bolts IJ 
inch in diameter. 

STUFFING-BOX. 

The stuffing-box will be made of composition, and will 
have a packing-space of 1 inch by 14 inches deep, and 
fitted with a follower made in two parts, with a space of 1 J 
inch between them, each part to be adjusted by three bolts 
H inch in diameter; the chamber of the stuffing-box to have 
a noz^sle for connecting a valve of 3 inches diameter. 

4 B & A 
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PROPELLER. 

The propeller is to be made of steel, to have a diameter 
of 17 feet, a meau pitch of 20 feet, and a leugth of 25 
inches, and to have four adjustable blades or of sucli de- 
sign as may be approved by the Naval Advisory Board. 
The ed^es and surfaces of the blades to have all roughness 
smoothed off. The hub will be 27 inches in greatest diam- 
eter, tapering in both directions, 23 inches in diameter at 
the forward end to suit shoulder on shaft and 21 inches at 
after end, and will be 30 inches in length. At forward end 
it is to be counterbored 17^ inches in diameter, for a length 
of 3 inches, to receive bushing of shaft, aft of which the 
bore will suit taper of shaft. There is to be a cap IJ inch 
thick litte<l at after end, with a central boss 1 inch thick 
recessed iiito the bore of hub. 

ENGINE ROOM. 

A working-platform for the engine is to be situated be- 
tween the condensers, above the high-pressure cross- head, 
with ways of reaching it from deck, quarters, and lower 
platform, and with all the connections for operating the 
starting-valves, throttles, relief-valves, reversing-engines, 
etc., convenient of access. There will be means of approach 
to all moving parts, arranged with proper ladders and steps, 
fitted wherever necessary, with brass hand-rails supported 
by WTOught-iron columns. 

INDICATORS. 

The indicators are to be placed on the cylinders in a suit- 
able and accessible position, and they, as well as the coun- 
ters, are to be operated by levers, not pulleys. 

PROVISIONS AGAINST TOTAL DISABLEMENT. 

The following spare pipes will be furnished of copper : 
Two connected with the main stop- valves, so that in case of 
the irreparable disabling of the high-pressure engine, the 
steam may be conducted directly from the boilers to the 
low-pressure cylinders; another pipe so arranged that in 
case of the total failure of either low-pressure engine, the 
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exhaust steam may he carried from the high-pressure cylin- 
der directly to the condenser on the same side, and the 
flanges, bolt-holes, etc., by which this length is to be con- 
nected, are to be so fitted that the pipe may be used either 
as a right or left handed pipe, according t«» the side upon 
which the casualty occurs ; other ])ipes are to be arranged 
for conducting the exhaust of either low-pressure cylinder 
to the efficient condenser, or to the atmosphere through a 
hatch or ventilator in case of the break-down of one of the 
condensers. 

All the connecting flanges, with their bolt-holes, etc., are 
to be fitted ready for use, and the former marked so that 
the above substitutions can be made with facility and cer- 
tainty, and the necessary valves, sliding-sheets, blank- 
flanges or other appliances will be fitted and supplied for 
closing off connection with the disabled parts. 

FELTING AND CASING. 

The cylinders, sides of valve- chests, and the steam and 
exhaust-pipes are to be covered with felt and cased with 
black walnut, bound with finished brass hoops. The steam 
and exhaust-pi i)es too small to be cased are to be covered 
with canvas outside the felt and the canvas painted. 

HOLDING-DOWN BOLTS. 

All fixed parts of the engine are to be securely fastened 
by holding-down bolts of ami)le size. 



BOILERS AND ATTACHMENTS. 

There are to be eight horizontal return-tuba lar boilers 
placed forward of the engines, four on each side of the 
vessel, divided into two groups by an athwartship water- 
tight bulkhead with fire-rooms fore and aft between them. 

There are to be two fixed smoke-pi[)es in vertical line 

Siver the keel, each connecting with an uptake common to 
our boilers. 
The boilers are to be constructed of mild steel, in accord- 
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ance with test, prescribed by Naval Advisory Board, dated 
18 June, 1883, and hereto appended. Seams not in contact 
with the lire are to be double-riveted. All the plates to be 
planed on the edges. The seams which are to be but^jointed 
will be covered with straps of the same thickness as the 
plates with which they are in contact; all to be calked per- 
fectly tight. Each boiler is to be 11 feet 8 inches in external 
diameter and 9 feet 9 inches long, and to have two cylindri- 
cal furnaces, 43 inches in internal diameter, projecting 
inches from the front of boiler and extending to the back 
connections. 

GRATE-SURFACE. 

Each furnace is to have a grate 43 inches wide and 84J 
inches long, or 25 square feet in area, aggregating 400 
square feet in the eight boilers. 

GRATE-BARS. 

Grate-bars to be double, in two lengths, i inch thick at 
top, T^ inch at bottom, 4 inches deep at centers, and 2 
inches at ends. 

TUBES. 

Each boiler is to contain two hundred and twenty-two 
drawn brass tubes 2^ inches in external diameter, 6 feet 11 
inches in extreme length, and No. 11 wire-gauge in thick- 
ness. 

SHELL. 

Shell to be formed of plates I inch thick; the longitudinal 
joints to be butted and double-strapped, and the circular 
joint io be single-strapped and double-riveted on each side 
of seams. The shells will depart from the cylindrical form 
at each end on top, where they will be rounded to quadrants, 
through segments the greatest height of which is 22J inches. 
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TUBE-SHEETS. 

The trout tube-sheet is to be f iuch, the back one ^- iuch 
thick; they are to be accuratelj- drilled for two hundred and 
twenty two tubes, spaced 4 inches horizontally and 3J inches 
vertically, between centers. 

HEADS. 

The front and back heails to be | inch thick. The upper 
portions of the heads will be bracked by rods 2j^ and 2 inches 
in diameter, placed 15 inches between centers vertically and 
12 inches horizontally; the ends of rods to be nmde with 
jaws, and coupled to stay-plates at each end by a wrought- 
iron bolt 2 inches and l| inch in diameter, respectively. 
Stay-plates to be of the best steel J inch thick, and secured 
to boiler by angle-irons 2J by 2J inches. The stay-plates to 
be made with lugs from 3J to 5 inches in radius, leaving 
openings for the removal of braces. 

FURNACES. 

The furnaces are to be made of the very best corrugated 
steel i inch thick, if obtainable. If not, each is to be 
formed of three cylindrical sections 43 inches in internal 
diameter, lap- welded, flanged on the ends, and riveted to 
each other with a welt i inch thick between them. The 
furnaces to be single-riveted at their junctions with the 
front heads. 

BACK CONNECTIONS. 

The back connections are to be 23 inches deep; side and 
back plates to be of -i\- inch steel. The side and back heads 
to be stayed by screw stay-bolts IJ inch in diameter, spaced 
not over G^ inches from center to center at side and 7 inches 
at back. 

FRONT CONNECTIONS. 

The front connections and uptakes are to be made with 
double shells of wrought iron, built on channel-iron frames 
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2i inches by li inch; the inside and outside shells to be 
made of iron weighing, respectively, 5 pounds and 3^^ 
pounds per square foot. The spa^e between shells to be 
filled with non-conducting material. The uptakes, at their 
connection with the smoke-pipes, to be 6 feet 6 inches in 
diameter. 

The front connection doors are to be made of wrought 
iron, with double shell, and fitted with hinges and catches. 
Both shells J inch thick, the outer one flanged 1 inch deep, 
the inner one 2J inches deep. 

FURNACE-FRONTS. 

Furnace-fronts to be made with a ca^t-iron frame covered 
with wrought-iron plates g inch thick, and having ample 
openings for furnace- doors. The outer plates to have air- 
holes 1^ inch in diameter, capable of being shut off at 
pleasure, and the inner ones to be perforated with holes J 
inch in diameter. 

FURNACE-DOORS. 

The furnace-doors to be made with wrought-iron fronts J 
inch thick and flanged 1 inch deep: each to be fitted with 
a perforated wrought-iron back and with hinges and latches 
of wrought iron. 

Behind each bridge-wall there is to be a cast-iron plate 
perforated with small holes, equivalent in area to 3 square 
inches per square foot of grate, Co conduct air from the ash- 
pit to the back connection; the former is to be fitted with 
a register for regulating the supply. 

ASH-PIT DOORS. 

The ash-pit doors to be made of wrought iron J inch thick, 
flanged 1 inch dee]); to be well fitted to close the ash-pits, 
and arranged to hang by proper hooks on uptake-doors 
when not in use. 

MANHOLES. 

There are to be two manholes 12 by 15 inches in the front 
head of each boiler in the outer spandrels above the fur- 



naces, one iu the lower aiid ooe in the upper Bpaadrel be- 
tweeu the funiiices, aud odb in the upper part of the shell. 
The last to he made withiu the circumferential strap 1 inch 
thick and with a margiu 6 inches wide around it. 



Each iHtilpr is to rest on two saddles made of wrought 
iron and thoronghly sc cnred to the ship. The boilers to be 
secured to the sadillcf' by suitable wrought- iron straps and 
bolts. The bolt« for straps, and which pass through the 
shell, are to be turned and eniigl.v fitted in reamed holes. 

SMOKE-PIPES. 

The 8mok(i-pii)eB are to be GO feet iu total height. above the 
grates. They are to be <> feet iu diameter, aud made of 
wrought- ii-on plates of No. 7 Binningbam gauge thickness. 
The pijies will be stiffened by angle-iron liands at top and 
bottom. Each pipe will also have a band 1 inch thick aud 4 
inches wide on the outside at the top. The hiw«r pait will 
be indosed by a jm^ket O feet 1> inches in diameter, covei'ed 
by a hood 7 feet in diameter, made of wi-oughtiron plates i 
iocdi thick. The pipes to be made with butt-straps, eye.'i and 
stays, aud supports for covers. 

STEAM-DRUMS. 

There are to be two steam-drums ou each side, placed iu 
the spandrels above the boilers, each to be 12 inches iu di- 
ameter, and T feet 5 inches long. Shells to be g inch thick, 
heads i inch thick; each head to be braced by gussets or 
stay -rods equally divided on the shell. 

SUPERHEATINO-PIPES. 

Superheatiug 6team-i»ipes, 10 inches in diameter and 
made of copper, No. 5 Birmingham gauge thick, are to pass 
through the front couucclious on each side ; they will be 
united with the steam-drums and with a central steam-pipe 
passing through the after fire-room ; branches also to be of 
copper and the sections united by composition danges. 
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DRY-PIPES. 

Each boiler is to liave a properly perforated wrouglit-iron 
dry-pipe, closed at the interual end, thoroughly tiuued, aud 
of an iuteroal diameter of 7 inches ; the pipe to be placed 
as high as possible and to extend nearly the length of the 
boiler; the top to have holes J i"ch in diameter drilled 
equally distant; their aggregate area to be double the cross- 
section of the pipe. 

SAFETY-VALVES. 

Each boiler and superheating-pipe is to have an auto- 
matic spring safety-valve inches in diameter, adjusted to 
a pressure of 90 pounds of jSteam and fitted with the proper 
levers. The chests, valves, and stems, to be of composition 
and seats of nickel. Chests to be connected with escape- 
pipes alongside the smoke-pipe, by branches, also of copper, 
and the escape-pipes to be fitted with mufflers. Sei)arate 
provision is to be made for raising the safety-valves from 
deck if necessary. 

BOILER STOP-VALVES. 

Each boiler is to have a composition stop-valve chamber 
combined with the safety valve chamber, placed on the 
shell near the top, and united with the boiler and dry-pipe 
by fianges of suitable size and thickness ; the chest to be 
not less than -^^ inch thick. The valve to be 7 inches in 
diameter, and fitted with a composition screw-stem, made to 
turn indei>endentiy of the valv^e and to work in a compo- 
sition nut supported by wrought-iron studs on the covers. 
The valve is to be operated by a composition hand-whec*! 12 
inches in diameter. Separate provision is also to be made for 
closing tlie stop-valves from deck if necessary. 

The stop- valve chambers are to be connected with the 
steam-drums by copper pipes 7 inches in internal diameter 
aud No. 12 Birmingham-gauge thickness; the pipes to have 
composition fianges of suitable diameter and thickness, 
properly riveted and brazed on. 
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INTERMEDIATE STOP- VALVES. 

There is to be a stop-valve [)laced on each superheat ing- 
pipe ; the chests are to be of cast irou, and, with the tlanp:f s, 
to be of ain])1e thickness. They are to be titted with com- 
position valves, seats, and sterns; the former to be 10 inches 
in diameter, and the latter to turn independently of the 
valves and to woik in composition nuts supported by 
wrought-iron studs on the covers ; the valves to be operated 
by composition hand wheels 15 inches in diameter. 

MAIN STOP-VALVES. 

There is to bea steam stop-valve placed on the main steam- 
pipe aft ol the bulkhead between the fire rooms, for closing 
off the steam from the Ibrwaid boilers ; it is to be 12 inches 
iti diameter and fitted in the same manner as the others. 

The rims of hand-wheels of all large steam stop-valves are 
to be inclosed in asbestos covered with stitched canvas. 

STEAM-PIPES. 

The main steam-pipe leading to engines is to be of copper, 
17 inches in diameter and of ^'o. 3 Birmingham gauge thick- 
ness, connected with the high-pressure cylinder by means of 
a stop and throttle-valve; the several sections to be united 
to each other and the valve-chambers by composition Hanges 
1 inch thick, i>roperly riveted and brazed to the pipes. All 
the steam-pipes, large and small, are to be heavily tinned 
inside and out. 

The stop valve chamber is to be of cast iron; the seats, 
valves, and stufting- boxes of composition. The valve is to be 
16 inches in diameter. The stem and hand-wheel are to be 
of composition; the latter 18 inches in diameter. 

• THROTTLE-VALVE. 

The throttle- valve and chamber are to be of composition ; 
the valve to be balanced and to have an area equal to that 
of the stop-valve ; to be connected by proper rods and levers 
to be operated from the working-platform. 

5b £r A 
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SMALL STEAM-PIPES. 

The four wing-boilers at least shall be fitted with suitable 
stop- valves and pipes for supplying: the pumps, heaters, and 
all small engines with steam; and there shall iilso be a 
branch for the same purpose leading from the main steam- 
pipe. Two of the above boilers shall also be connected with 
the distilling apparatus, to supply it with steam. 

BLEEDER. 

There is to be a copper pipe, witli stop-valve 4 inches in 
diameter, leading from the steam-pipe to each condenser for 
bleeder. 

CHECK-VALVES. 

Each boiler is to have a check feed-valve 2J inches in 
diameter inclosed in a chest having two stop-valves of the 
same diameter, which ms^y be closed, the one from the boiler 
and the other from thefeed-pi[)e; the valve and chest to be 
of brass, and made with flanges of proper diameter and 
thickness for connecting with feed-pipes and boilers. 

BLOW-VALVES. 

Each boiler is to have a bottom blow- valve of brass 2^ 
inches in diameter, also a surface blow-valve 2 inches in 
diameter; the blow- valves to be connected by suitable pipes 
to the sea-valves on the ship. 

FEED AND BLOW-PIPES. 

The main feed and blow-pipes are to be made in sections 
not exceeding 12 feet in length, and to be of drawn-brass 
tubes 4 inches in diameter inside, and of No. 8 Birmingham 
gauge thickness; the branches to be of copper 2^ inches in 
diameter inside and No. 10 Birmingham gauge thick. The 
pipes to be fitted with comi>ositiou elbows and fianges for 
uniting the sections, and to be expanded in and bn^azed to 
them; the interior of pipes to be well tinned. 
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WATER-GAUGES. 

Eacb boiler is to have a combination gange, which shall 
include a glass tube 18 inches in exposed length, and four 
cocks placed 6 inches apart, also a drip pan and pipe; the 
lowest cock to line with the bottom of glass tube and placed 
to show the level of the water at the highest heating sur- 
face. 

SALINOMETEE POTS. 

There are to be eight salinoineter-pots fitted in such a 
manner as to be easily accessible. 

STEAM- WHISTLE. 

A large finished steam-whistle of brass is to be conven 
ieutly placed above deck, with copper pipe and cock con- 
necting to main steam-pi [)e. 

TEST. 

Before being placed in the vessel all the boilers are to be 
tight under a pressure of 140 pounds to the square inch, 
which is to be obtained by tilling the boilers quite full of 
water and lightint: a fire in the furnaces, pioducing the 
pressure by the expansion of tlie water. The boilers, after 
completion, are to be painted outside with two coats of 
brown zinc paint. 

FELTING. 

After the boilers are in the vessel the shells and bucks 
of the same are to be covered with felt securely sewed 
upon canvas, and inclosed in sheet-lead weighing 4 pounds 
per square foot, the joints to be soldered water-tight. The 
covering to be made with suitable openings over man and 
hand-holes, and the lead to be painted with two coats of 
brown zinc. Or, if required, a covering of galvanized iron 
with an air-space may be substituted on the approval of the 
Naval Advisory Board. 

VENTILATORS. 

Four ventihitors, two 18 inches, and two 24 inches in diam- 
eter, are to be fitted, one of each in each fire-room; they will 
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extend below the deck to within 8 feet of the fire-room floor 
and be bell-moathed at lower end. They are to have njov- 
able hoods, capable of being worked from the fire-room, 
and will be made of iron -^ inch thick above deck, except 
the lower section, which will be J inch thick ; the portion 
below deck will be No. 11 wire-gauge thick. Two of the 
ventilators are to be ari'anged for hoisting ashes through 
them to the deck by means of the ashhoisting engine or by 
blocks and pulleys; they are to be strengthened with six 
strips of bar-iron placed vertically in the interior ; to have 
a side-door for passing the ash-buckets through, and all 
to admit of being closed tight when the blowers are in oper- 
ation. All gear for operating ventilators to be of composi- 
tion. [Provided for in hull specifications.] 

ASH-HOIST. 

An ash-hoisting engine of suitable dimensions and suffi- 
cient power will be fitted above the water- tight bulkhead, 
and arranged to remove ashes from either fire-room. 

STORE AND OIL-ROOMS. 

The store-rooms and oil-room are to be placed as shown 
on the drawings, and the former are to be suitably fitted 
with shelves, lockers, doors, etc., and well painted. The 
waste-locker is to be fitted with a water-pipe for flooding. 

FLOOR-PLATES. 

The fire rooms and engine-room and their passages are 
to be floored with plates having coiTugations and proper 
ledges and drain-holes; plates to be made of wrought iron 
if obtainable, and all easily removable. 

BLOWERS. 

The engine and fire rooms are to be supplied with air by 
means of blowers of such type as may be ai)pioved, placed 
in the fire-rooms, two on each side of the ship; each blower 
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to be capable of supplying with ease and certainty 12,000 
cubic feet of air per minate under a pressure equal to one 
inch of water. The blowers are to be o]>erated by suita- 
ble engines coupled directly with the spindles. They are 
to receive the air from the engine-room and quarters and 
deliver it into the main airpipes of the ship, which are to 
be made with suitable arrangements to divert a proper 
supply of air directly to the fire-room. 

AIR-TIGHT COMPARTMENTS. 

The boiler compartments are to be made sufficiently air- 
tight to maintain all the pressure which these blowers can 
furnish. 



MISCELLANEOUS ARTICLES, MATERIALS, ETC. 

OIL-CUPS. 

The crank-shaft journals are each to have three large, 
finished brass oil-cups of approved design, with tubular 
wick-holders adjustable in oil-tubes. Each craukpin jour- 
nal is to have two similarly fitted large finished bra«s auto- 
matic oil-cups of approved design. All other engine- 
journals and moving i)arts, and especially the crossTiead 
and cross-tail slides, are to have finished brass oil-cups of 
suitable size. Each cylinder and cylinder valve chest is to 
have two properly finished brass grease-cocks, with globe, 
upper cock, and cu]) ; those for the high-pressure cylinders 
are to be operated as pumps by the engine. Where neces- 
sary, sheet-brass drip-pans are to be attached. 

WATER-PIPES. 

Water-]upes of copper, 3 inches in diameter, are to lead 
from tlie stern-pipe stuffing box cock to engine-room, and 
to be fitted with cocks and hose attachments for the thrust 
and line-shaft bearings ; also, branch-pipes and cocks for 
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all water-brasses. There will be pipes for supplying the 
crank-shaft joarnals, crankpius, cross head and cross-tail 
guides and slippers. There are to be suitable hosepipes, 
with rose-sprinklers, properly attached to the sea-valves 
for wetting down ashes. 

BRASS BOXES. 

All journals and moving parts of iron are to run upon 
brass boxes. 

HOLES TIIEOUG-H SHIP. 

All holes through the ship are to be fitted water-tight, 
and covered by cocks or valves on the inside. 

HOSE-COUPLINGS. 

Couplings of naval standard, fitted for fire-hose and fur- 
nished with caps an<l spanners, are to be placed as perma- 
nent fixtures through water-tight bulkheads in such a 
manner that the doors in said bulkheads need not be 
opened for the passage of hose. 

EYE-BOLTS. 

Wrought-iron eye-bolts and traveler-bars are to be prop- 
erly located and secured wherever required for lifting dif- 
ferent parts of machinery, and particularly the covers of 
cylinders and valve-chests, the covers of air and circulating- 
pumps and their valve-chests, the condenser-bonnets, and 
the caps of pillow-blocks of crank shaft and line-shaft 
journals. 

LAMPS. 

The shaft-alley, engine, tire, and store-rooms are to be 
furnished with large, fixed swivel-lamps, in sufficient num- 
bers and of approved pattern, well secured to bulkheads. 

PAINTING. 

AH engine work not finished is to be primed with two 
coats of brown zinc and oil ; when placed in the vessel to 
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into vacuum spaces. All the bolt-holes to be reamed, aud 
the body of the bolts to be finished to fit them snugly. All 
threads on bolts to correspond with the Navy standard. 
All brasses to tit loosely between collars of shafting. All 
cocks communicating with vacuum spaces to have bottom 
of shells cast in, and to have the plug packed by means of 
a stuffing box and follower. All nuts on moving parts and 
on pillow blocks to be thoroughly secured with keepers, pins, 
or steel set-screws. All brass boxes for journals to be prop- 
erly channeled for the distribution of oil. All flanges coupled 
together to be faced, and edges made fair with each other. 
Packing for stuffing-boxes to be of such kind as may be ap- 
proved. All patent fees to be paid by the builders, and no 
extra bills to be presented or additional compensation 
claimed. All materials and parts of the machinery shall be 
carefully weighed, and the records, certified to by the inspec- 
tor, shall be reported to the Naval Advisory Board and to 
the Bureau of Steam Engineering. 

If, after the completion of the machinery, there shall at 
any time be discovered in it any departure from the specifi- 
cations, tending to cheapen its construction by lessening 
the thickness of metal, or by substituting iron for brass, or 
tool-finish for finish, or brass in which zinc is a large ele- 
ment, or by omission of finish when specified on drawings, 
or when usual on naval vessels, or by lessening the diam- 
eters and areas of pipes, valves, etc., the injury to the Gov- 
ernment thus received may be estimated and determined 
by the Naval Advisory Board, under direction of the Secie- 
tary of the Navy, and the amount recovered from the parties 
of the first part, who hereby bind themselves to abide by 
such determination. 

Duplicate Pieces. 

All duplicate pieces are to be finished, fitted, and ready 
for putting in place. They are to be as rollows : 

Two sets of carbolized gum-valves and springs for all 
steam-pumps. 

One seat, with guards, bolts, etc., for receiving and deliv- 
ery-valves of air-pumps. 



It, with ffiianis, holts, rtc, tor rcceix in^- and dcliv- 
of circ'iilatiiiu-pimii^s. 

f to]lo\v('r-l»nlts and nuts j'oi eacli strani })iston, 
tor each air and eircidatin^iaini]) })iston. 
*' brasses for each main Journal ot* the crank- 

rasses for each crank-])in. 
.1 brasses for ea(;li cross lieail journal, 
•lass slipper for each (Moss-hea<l sled. 
ic set of brass gibs for lower side-rods. 

Uue brass block for each Stephenson link. 

One set of brasses for each eccentric bar connection. 

One set of brasses for the thrnst-beaiinj;. 

One set of brasses for each line-shaft pillow block. 

Two crank]>in oiI-(!np-, with all appenda^rt^s. 

Three* niain-Journal oil-cups. 

Two hundred tuties I'nr condensers, ]Kicked in boxes. 

One coni])lete set of )»aper or kiln (lrie<I wooden ^roininets, 
as may be ap])roved, for tubes of one condenser, packed in 
till, water ti«;ht, and with cases niarke<l. 

Four Macomb bil^e-strainers. 

All duplicate pieces not of brass to be painted with three 
coats of white lead and oil, and well lashed in tarred can- 
vas, with name marked on the outside. Brass jjieces to be 
painted with one c^iat of white leacl and oil, and plainly marked 
for what purpose intended. 

Oil-Tanks, Cans, etc. 

Four oil-tanks of iron ^ inch thick, with an ag^reofate ca- 
pacity of 1,8<M) gallons, are to be well secured in oil store- 
room, with facilities for filling from deck and em]>tying, and 
Btrengtiiened by internal stays, or otherwise. Each to luvve 
a man-hole, also a brass cock 1 inch in diameter placed in 
the bottom, suitably connet^ted with a ])ump. 

Two copper oil-tanks of 10 gallons ca])acity each, with 
lidH and dnp-paus, U» be placed permanently in the engine- 
room, in a convenient position, and to have a locked bi-ass 
cock ou each. 

One inui tallow-tank of thi*ee hundred and fifty pounds 
capacity, with hinged man hole plate on top. 

6 C Jc A 
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Instruments, Tools, etc. 

Five Tabor indicators of staudard size : three fitted with 
springH graduated to a scale of 40 pouuas to the inch, and 
two for a scale of 20 pounds to the inch, with proper at^ 
tachments of finished brass, are to be furnished ready 
fitted. Each indicator Ktand-pipe is to be connected with 
each end of its main cylinder by pipes 1^ inch in inside di- 
ameter, having cocks of equal area of oi>enings. 

One set of instruments, with proper attachments, to be 
supported each in a brass case, as follows : 

One Lane's improved spring steam gauge. 

One Lane's improved spiing compound gauge. 

One spring vacuum-gauge. 

One counter, with positive motion. 

Faces of gauges tu be 8^ inches in diameter. 

i >ne eight-day clock, to strike in accordance with ship's 
time, to be placed independently of the other instruments 
and so as to be unaffected by the vibrations of the ma- 
chinery. 

One mercurial steam-gauge, attached to main steam- 
pipe. 

Two mercurial vacuum-gauges for condensers, attached 
immediately to them. 

Two mercurial siphon gauges, attached to the low-press- 
ure valve-chests, with a glass tube to indicate pressure from 
six to forty pounds above perfect vacuum. 

Eight Lane's improved s])ring steam-gauges with Scinches 
face, in fire-rooms, so arranged that each boiler will have an 
independent connection with one gauge. 

Seven thermometers, one for fresh-water reservoir and 
one for filter, one in each outboard delivery-pipe, one for 
each injection, and one for the steam-pipe, to be made per- 
manent fixtures, with their stems and bulbs protected by 
brass covers. 

One engine-room annunciator, with pulls, dials, finished 
brass plates and attachments, arranged to be operated 
from any parts of the deck required. 
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A copper speaking-tube to lead from the engiue-rooin to 
each fire-room, with small gong attached. 

Two complete sets of fire-irons. 

Lazy bars for each boiler, fitted in place. 

One set of wrenches complete, for engine, fitted to all the 
nuts, finished, marked with size, and placed in walnut racks. 
Wrenches for all nuts of bolts 2 inches in diameter and 
over, to be box-wrenches, and placed in convenient racks. 

j.welve ash buckets, painted with three coats of brown 
zinc and oil. 

Twelve coal buckets, painted with three coats of brown 
zinc and oil. 



TESTS OF STEEL FOR CRUISERS, 



INSTRUCTIONS TO INSPECTORS. 



NAVY DEPARTMENT, 

Naval Advisory Board, 

June 18, 1883. 

The fullowing rules are prescribed in order to insure the fulfillment ot 
the clause of the act of Congress of August 5ih, 1882. "Such vessels 
* ; * * to be constructed of steel, of domestic manufacture, having as 
near as maj be, a tensile strength of not less than sixty thousand pounds 
to the square inch, and a ductility in eight inches of not less than twenty- 
five per centum :" 

I. All ship-plates, beams, angles, rivets, bolts, boiler-plates, and stays 
to be inspected and tested at the place of manufacture by a Naval 
Inspector of Material, and to be passed by him, subject to restrictions 
hereinafter mentioned, before acceptance by the *»hip-builders, whether 
Government or private, for incor|)oration into said vessels. 

II. Every plate, beam, and angle, supplied for these vessels, to be 
clearly and indelibly stamped in two places, and with two separate 
brands: 1st. With that of the maker, which shall distinguish the name 
of the manufactory or company. 2d. With the regulation brand of the 
Naval Inspector of Material. The latter not to be stamped upon any of 
the above-mentioned material until it shall have passed the required 
inspection and tests, have been accepted by the Inspector, and have 
been stampeii with the maker's brand. 

In case of small articles passed in bulk, the above-mentioned brands 
shall be applied to the boxing or packing material of the objects. 

No steel material to be received at the building yards for incorporation 
into the vessels except it bear, either upon its surface or that of its pack- 
ing, l>oth of these brands as evidence that it has passed the necessary 
Government inspection. 

(45) 
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SHIP-PLATES. 

III. In every \ot of 30 plates test pieces to be cut from two plates 
taken at random ; two test pieces being cut from eacli plate, one in tlie 
direction of the rolling, and one at right angles to it, shaped according 
to the annexed sketch. These test pieces shall in no case be annealed. 

The test pieces to be submitted to a direct tensile stress until they 
break, and in a machine oi approved character. 

The initial stress to be as near the elastic limit as possible; which 
limit is to be carefiilly determined by the Inspector in a special series of 
tests. The first load to be kept in continuous action for five minutes. 
Additional loads to be then added at intervals of time as nearly as \>oha\- 
ble equal, and separated by half a minute ; the loads to produce a strain 
of 5,000 pounds per square inch of original section of the test piece 
nntil the stress is about 50,000 pounds per square inch of original section, 
when the additional loads should be in increments not exceeding 1.000 
pounds. 

An observation to be made of the corresponding elongation mea:*ured 
upon the original length of eight inches. 

The final elongation to be that obtained at rupture. The loads applied 
shall never be calculated from the indications of the pressure gauge if a 
hydraulic press be used. 

CONDITION'S OF ACCEPTANCE. 

In order to be accepted the average of the four test pieces must show 
an ultimate tensile strength of at least 60,000 pounds per square inch 
of original section, and a final elongation in eight inches of not less than 
23 per cent. 

Lots of material which show a strength greater than 60,000 pounds per 
square inch will be accepted, provided the ductility remains at least 23 
per cent. 

CASKS OF FAILURE. 

If the average uf these four test pieces, numbered 1, 2, 3, 4 (called 
Test I), falls below either of the required limits, the plates from which 
pieces 1, 2, 3, 4 were cut shall be reected, and Test II made, con- 
sisting of pieces 5 and 6, cut from a third plate; if the mean of the 
results of these two falls below either of the above limits, the entire lot 
shall be rejected. ]f it be successful. Test III, or the mean of piecen 7 
and 8, cut from a fourth plate, shall decide. 

If in any of Tests I, II, III, any single piece shows a tensile strength 
less than 58,000 pounds, or a final elongation less than 21 |>er cent., the 
plate from which it was cut shall be rejecteil, and that test considered tu 
have fail<>d regardless of its average. 
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QURNCIUNG TEST. 

IV. A teet piece shall be cut from each plate, angle, or beam, and ai\er 
heating to a cherry red plunged in water at a temperature of 82° Fahr- 
enheit. Thus prepared it roust be possible to bend the pieces under a 
press or hammer so that they shall be doubleil round a curve of which 
the diameter is not more than one and a half times the thickness of the • 
plates tested, without presenting any trace of cracking. 

These test pieces must not have their sheared sides rounded off, the 
only treatment permitteil being taking off the sharpness of the edges with 
a line file. 

ANGLES, BEAMS, BULB BARS, T-BARS, ETC. 

V, In every lot of iO angles or beams, &c., test pieces to be cut from 
the webs of two taken at random, one from each. These pieces to be 
fashioned in the same way, and to be subjected to the same t«*sts, both 
tensile and quenching, and to fulfill the same refjuirements for acceptance 
as already prescribed for ship-plates. 

Angle bars are to l>e subjected to the following additional tests : A piece 
cut from one bar in twenty to be opened out flat while cold under the 
hammer; a piece cut fi*(»m another bar in the same lot shall be closeil 
until the two sides touch, while cold ; a piece from a third bar of the lot 
to be bent cold into a ring so that one of the sides of the angle bar shall 
be kept fiat and the other side forming a cylinder, of which the internal 
diameter shall be equal to 3^ times the breadth of the side which remains 
flat. The angle bars submitted to these tests must show neither crackn, 
cliits, nor flaws. 

Bingle T-bars to be subniitteil t(» the following tests: A piece to be cut 
from the end of a bar taken at random from each lot of 20, and to l>e bent 
cold into a half ring, so that the web remaining in its own plane, the 
cross flanges shall form a half cylinder, of which the internal diameter 
shall equal f<»ur times the height of the web of the T-bar. 

At the end of another bur of the same lot the web to be split down its 
middle for a length equal three times its total depth, and h hole drilled at 
the end of the slit to prevent it spreading; the piece ilius split to be 
opened out in its own plane, so us to make an angle of 45- with the rest, 
care to l>e taken that the part opened shall he kept straight, except that 
it must be joined to the rest of the bar by a bend of small radius. 

Hulb bars are to be subjected to ihe *iame tests ai* th()8e prescribed 
for T-bars, except that in Wnding <»ne or more heats may be used. 

All bai-rt submitted to these tei«t8 must show neither cracks, clifts, nor 
flaws* 
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RIVETS. 

VI. One bar from every lot of 20 of the bars from which rivets are 
iDad«f shall be snbject to the same tensile test as that recfuired for the 
plate tests. AH bars not fiiltilling the requirements of tensile strength 
and elongation required for plates to l>e reje<rted. 

From every lot of 500 pounds four rivets are to be taken at random 
and submitted to the following tests, one rivet to be used for each test : 
1st. A rivet to be flatt^^ned out cold under the hammer to a thickness of 
one-half its diameter without showing cracks or tlaws. 2d. A rivet to 
be flattened out hot under the hammer to a thickness one-thinl its diam- 
eter without showing cracks or tlaws. 8d. A rive! t<> be bent cold into 
the form of a hook with parallel sides withoiit showing cracks or tlaws. 
4tli. A rivet to be tested by shearing by riveting it up to two pieces of 
steel which are to be submitted to a tensile strain, the rivet not to shear 
under a stress of less than 50.000 pounds per square inch. 

BOILEK-PLATK8. 

VII. Each boiler-plate must be subjected to the same tests and in the 
manner prescribed ftir ship-plates. The ductility in eight inches must 
not be less than twenty-five per cent., and the ultimate tensile strength 
must not be less than 57.<M)0 pounds an<l not more than G^t.OUO poiuids, 
and the average at leant 60.000 poinids. 

The acceptance of material under the.*e tests will not relieve the con- 
tractor from the necessity of making good any material which fails in 
working or may be rejected by the Inspector. 

R. W. SHUFELDT. 

Hear- Admiral, U. S. S^avy, 
Pretidnit Saval Adritory lioord 
Apj»rove<i : 

W]ij.iA.\i £. Chandlrk. 

Serrttary of the Nary. 



